The taxonomy of the liverwort genus Porella based on plant morphology has been regarded as difficult. Recent DNA-based studies have brought new insights into the systematics of these liverworts and have uncovered some novel relationships that allowed the resolution of controversial treatments based on morphology. One of the outstanding features of these plants, in addition to their form, is their chemical composition, which is characterized by great diversity of secondary metabolites. In this paper the sesqui-and diterpenoids occurring in Porella species are described and their chemosystematic relevance is explored. On the basis of chemical data, the Porella species have been divided into six chemotypes: the drimane-(I), sacculatane-(II), pinguisane-sacculatane-(III), guaiane-germacrane-(IV), pinguisane-(V) and africane-(VI) types. Species belonging to type I are characterized by their hot taste, whereas the other chemotypes are comprised of nonpungent species. Consideration of recent DNA data shows striking correlations between molecular groups and their terpenoid chemistry. The chemical data suggest that the P. vernicosa complex (chemotype I) deserves recognition as a separate section of Porella and that terpenoids are important chemosystematic markers in the family Porellaceae.
The genus Porella has been classified in the order Porellales within the Jungermanniopsida class of liverworts [1] . It comprises about 60 species with a worldwide distribution [2] . Most of the taxa are found in southwestern Asia, where the genus is believed to have originated. The genus is known because of its wide phenotypic plasticity and morphologic variation, which renders classification based on morphology problematic [3] . Recent molecular studies have brought new insights to the systematics of liverworts, including Porella species, and pointed at incongruence of molecular and morphological variations [1, 2, 4] .
One of the outstanding features of plants, in addition to their form, is their chemistry. Terpenoids and aromatic metabolites present in liverworts are of value for taxonomic investigations. A survey of the scientific literature found papers concerning the chemosystematics of liverworts in general [5, 6] , as well as the chemosystematics of liverwort families and genera [7] . Identification of the chemical differences between liverworts is in agreement with the molecular analysis concerning the phylogeny of the Marchantiophyta.
Chemical data have supported the separation of Frullania from the Jubulaceae, the unification of the Balantopsidaceae and Isotachidaceae, and separation of the Wiesnerella from the Conocephalaceae to the independent Wiesnerellaceae family, among many others. One of the most significant developments in the classification of liverworts using chemical evidence was the unification of the Jungermanniales and the Metzgeriales [5,6].
Since 1975, twenty-nine Porella species have been chemically investigated. As shown in Table 1 most of the compounds either detected in or isolated from Porella species are terpenoids. Porella species generally emit a fragrant odor when they are crushed. This is mainly due to the presence of monoterpene hydrocarbons. α-Pinene (1), β-pinene (2), camphene (3) and limonene (4) are the monoterpenoids most frequently found in these liverworts [8, 9] . Because, most of the Porella species elaborate the same monoterpenoids, it is difficult to use them as chemosystematics markers. In comparison with the monoterpenoids, the sesquiterpenoids present in the genus Porella are characterized by a wide range of different sesquiterpene skeletons. There are especially africanes, On the basis of the sesqui-and diterpenoids composition, the Porella species have been divided into six chemotypes: the drimane-(I), sacculatane-(II), pinguisane-sacculatane-(III), guaiane-germacrane-(IV), pinguisane-(V) and africane-(VI) types ( Table 2 ). The biggest group is type I, which comprises the pungent liverworts, P. arboris-vitae, P. canariensis, P. fauriei, P. gracillima, P. obtusata var. macroloba, P. roellii, and P. vernicosa (Porella vernicosa complex). All of these liverworts produce the hot-tasting drimane-type sesquiterpene dialdehyde, polygodial (5) [5, 23, 33, 56] . Apart from polygodial (5), all these species contain other drimanes, among which cinnamolide (6), drimeninol (7), and drimenin (8) are the most widespread [5]. The co-occurrence of the aromadendrane-type sesquiterpenoid, cyclocolorenone (9), as well as pinguisane-type sesquiterpenoids with the drimanes has been detected in five of seven species belonging to type I. Up to the present time only drimane type sesquiterpenoids have been found in P. fauriei and P. roellii.
Liverworts belonging to type II accumulate characteristic sacculatane-type diterpenoids. P. camphyophylla, P. perrottetiana, and P. stephaniana produce perrottetianal A (10) as the main component [5] . Perrottetianal B (11) and sacculaporellin (12) have been detected additionally in P. perrottetiana [5] . This liverwort also elaborates labdane diterpenoids and (-)-α-eudesmol (13) [5, 42] . Alcohol 13 is an abundant component of P. perrottetiana [42] , as well as of P. stephaniana [10] . There are a few Porella species that, besides sacculatanetype diterpenoids, produce remarkably high amounts of pinguisane-type sesquiterpenoids. These are P. platyphylla, P. navicularis, P. grandiloba, P. elegantula, P. japonica, and P. acutifolia ssp. tosana. The former four species are included in the sacculatane-pinguisane-type (III). However, the latter two liverworts have been separated from this group, since besides the compounds mentioned they biosynthesize very characteristic guaianeand germacrane-type sesquiterpene lactones (type IV) [5, 11, 12] . Perrottetianal A (10) and norpinguisone methyl ester (14) are the major components of P. grandiloba [10] . Compound 10 has also been found in P. elegantula together with pinguisane-type norsesquiterpenoids [30, 31] . P. platyphylla is known for the presence of monoterpenoids, with α-terpinene (15) as the most abundant component [44] , sesquiterpenoids with pinguisanes, and diterpenoids with sacculatanes [43, 45] . P. navicularis produces pinguisanes and norpinguisanes. This liverwort is also known for the presence of diterpenoids. Besides sacculatanes (10), labdane-(16), phytane- (17), pimarane- (18) , and rosane-type (19) diterpenoids have been isolated from this species [39] .
As was mentioned, the most characteristic compounds for P. japonica and P. acutifolia ssp. tosana, belonging to chemotype IV of Porella species, are germacranolides and guaianolides. Both species are chemically very similar to each other since both produce the same pinguisanes, sacculatanes, and guaia-12,6-olides, but, in the case of their germacranolide constituents, P. acutifolia ssp. tosana synthesizes 12,8-olides, while P. japonica produces 12,6-olides [13] . Reinvestigation of P. acutifolia ssp. tosana collected in Kochi, Japan resulted in the isolation of the Diels-Alder reaction-type pinguisane dimers, bisacutifolones A-C (20-22), which have not been isolated from any other Porella species. Pinguisanes, sacculatanes, and germacranolides have also been detected. However, the presence of guaianes and hydroperoxygermacranolides (23, 24) in this collection has not been confirmed [11, 12] . This observation implies that there are two chemotypes of P. acutifolia ssp. tosana in Japan, with one pungent and the other not, since hydroperoxygermacranolides are responsible for the pungent taste of the liverwort growing in Tokushima [13] . [48] . In P. cordaeana, besides norpinguisanes, pinguisanes have also been found. The monocyclofarnesane-type sesquiterpenoid striatenone (28) and drimanes have also been detected in P. cordaeana [24] . Striatene (29) and striatol (30) have been found in P. densifolia ssp. appendiculata, and P. densifolia var. fallax together with kaurane-type diterpenoids [29] . Among all the investigated Porella species, kauranes have been isolated only from P. densifolia.
Porella species that biosynthesize africane-type sesquiterpenoids make type VI, the last group. This class of compounds is very rare in nature, and the first species of this chemotype is P. swartziana. Analysis of Colombian and Argentinean collections gave a wide range of africanes, for example 31-33, secoafricanes, for example 34 and 35, and norsecoafricanes 36 and 37 [53, 54] .
Apart from africanes, guaiane-(38, 39) and germacranetype (e.g. 40) sesquiterpenoids have been isolated [5, 53] . The presence of the same sesquiterpenoids (31, 32 and 34,  and 35 ) has been confirmed in the Japanese P. subobtusa. 14-Acetoxycaespitenone (41) has also been isolated [52] . Unlike P. swartziana, P. subobtusa does not produce germacranes and guaianes, while the santalanes 42 and 43, and the monocyclofarnesanes 44 and 45 have been found [52] . P. subobtusa is chemically similar to P. caespitans ssp. setigera, since both species produce africanes and santalanes [10, 52] .
Liverworts are a relatively small group of plants with an estimated 5-6000 species worldwide [57] . However, the content of secondary metabolites in liverworts is extremely high, and these plants are characterized by great chemical complexity. This complexity can be used for chemosystematic classification of the liverworts. The family Porellaceae is an example of a chemically very diverse group, especially with respect to sesqui-and diterpenoids composition. One can divide Porella simply into two groups: pungent and not-pungent species. The former belong to the P. vernicosa complex (chemotype I), which is characterized by the presence of the drimane-type sesquiterpene dialdehyde, polygodial (5). The latter comprises another five chemotypes (II-VI).
The taxonomy of the genus Porella based on morphology has been regarded as notoriously difficult [58] . Recent DNA-based studies have brought new insights to the phylogeny and taxonomy of these plants [2] . The molecular data showed that morphological characters appear well suited to discriminate species in Porella, andsome novel relationships were uncovered which allowed the resolution of controversial treatments of species based on morphology [2] . For example, P. obtusata and P. canariensis, two species with overlapping morphological characters, proved to be identical in the molecular analysis, and P. vernicosa and P. arboris-vitae appeared to belong to the same clade.
In addition, several species groups (clades) were recovered by DNA, in two main lineages here called A and B (Table  3 ). Statistical support for these clades varied, and clear morphological characters supporting the molecular groups could not be detected [2] . However, a comparison with the chemotypes recognized in this study shows some striking correlations ( Porella are usually dull in color. The isolated position of P. fauriei in the molecular tree is unexpected in view of the very similar chemical profile of P. fauriei and members of the P. vernicosa complex. Also, P. faurei shares the typical glossy plant color with members of the P. vernicosa complex. By its leaf morphology, however, P. faurei is very different from other members of Porella and was even placed in a separate subgenus, subg. Protoporella Schust. [57] . Therefore, we conclude that the chemical similarity of P. faurei and the Porella vernicosa complex may not be based on a single evolutionary origin and may represent a case of chemical homoplasy.
The chemical data furthermore support the close molecular relationships between P. platyphylla and P. navicularis (clade B1), both of which belong to chemotype III, between P. camphylophylla and P. perrottetiana (clade B2; both chemotype II), and between P. subobtusa and P. caespitans (clade B3; both chemotype VI) ( Table 3 ). The molecular and chemical affinity between P. subobtusa and P. caespitans is reflected in their very similar morphology [58] .
No chemical support was recovered for the molecular affinities between P. densifolia and P. stephaniana (clade A2), between P. platyphylla and P. cordaeana (clade B1), and between P. acutifolia and P. campylophylla (clade B2) ( Table 3 ). These species pairs had quite different chemical profiles in spite of their molecular proximity.
In conclusion, our data show some strong correlations between chemical composition and DNA sequence variation in the genus Porella and indicate that terpenoids are important chemosystematic markers in the family Porellaceae.
